Risk Factors for HT
The following potential risk factors for HT were analyzed: age, male gender, alcohol intake, cigarette smoking, body mass index (calculated as weight in kilograms divided by square of height in meters), waist -hip ratio (calculated as waist circumference divided by hip circumference), and blood lipid and CRP levels. Drinking status was classified as drunk usually or seldom, smoking status was classified as current smoker or never smoker. Dyslipidemia was defined as total cholesterol value ≥220 mg/dl (5.72 mmol/L) and/or triglycerides ≥200 mg/dl (2.26 mmol/L) and/or high-density lipoprotein-cholesterol <40 mg/dl (1.04 mmol/L) and/or lowdensity lipoprotein-cholesterol ≥140 mg/dl (3.64 mmol/L). Serum CRP concentrations were measured by fluorescence polarization immunoassay.
Measurement of Specific IgG Antibodies for Pathogens
Each blood sample was labeled only with a serial number, so that the examiners were unaware of the subject's data at the time of testing, and remained so until statistical analysis of the results. Each serum sample was tested for specific anti-C. pneumoniae, M. pneumoniae, H. pylori and Coxsackie virus IgG antibodies by enzyme-linked immunosorbent assay with a commercially available kit (NeroHemin biotechnology Co, Hang Zhou). The presence or absence of antibodies was determined by comparing the absorbency value of the sample to a cutoff value, which was calculated from the ratio of the sample/negative control absorbency value according to the manufacturer's protocols. Samples with absorbance values/negative control greater than or equal to 2.1 were considered positive for each pathogen, whereas less than 2.1 were negative. IgG seropositivity indicated prior infection of C. pneumoniae, M. pneumoniae, H. pylori and Coxsackie virus.
Statistical Analysis
For skewed distribution, CRP level was transformed logarithmically for the normal distribution. In the univariate analysis, an independent 2-sample t-test was used for the normally distributed continuous variables, and 2 test was used to compare categorical variables, and each pathogen, with HT. In the multivariate analysis, non-conditional logistic regression analysis was used to control the potential confounding factors and the adjusted odds ratio (OR) and 95% confidence interval (CI) expressing the association of the pathogen or the aggregate number of pathogens with the presence or absence HT were calculated. Values of p<0.05 were considered to indicate statistical significance. Data were analyzed using SPSS13.0 software (Chicago, IL, USA).
Results

General Characteristics of the Study Subjects
In total, 1,832 inhabitants were eligible for inclusion in the study and of them 1,430 (78%) signed informed consent. Among the 1,430 subjects, there were 488 (34.2%) with HT and 942 without. Table 1 summarizes the main risk factors for HT in both groups. Systolic and diastolic BP levels in the hypertensive and normotensive subjects were significant different, reflecting the correct group allocation. As compared with the normotensive group, participants with HT as a whole had greater age, body mass index, waist -hip ratio and higher CRP level (p<0.05). There were also significant differences in the prevalence of male gender, drinking and dyslipidemia between the groups (p<0.05), but no significant difference in smoking was found between them (p>0.05). Table 2 shows the seroprevalence in the hypertensive and normotensive groups for C. pneumoniae, M. pneumoniae, H. pylori, and Coxsackie virus. There were significant differences between the 2 groups with regard to the seroprevalences of H. pylori (38.7% vs 33.7%), C. pneumoniae (16.7% vs 12.7%), and Coxsackie virus (76.2% vs 50.3%), but no significant difference was found between the groups for M. pneumoniae (4.3% vs 5.2%). Table 3 outlines the ORs for HT by seroprevalence IgG to C. pneumoniae, M. pneumoniae, H. pylori and Coxsackie virus, adjusted for risk factors (age, male gender, drinking status, overweight, dyslipidemia and log-CRP level). The significant association of C. pneumoniae with HT was attenuated after controlling the risk factors, and there was still no evidence of increased risk of HT with M. pneumoniae or H. pylori. However, the association of Coxsackie virus with HT was retained, even after adjustment by risk factors. Table 4 depicts the unadjusted and adjusted ORs for HT by increasing number of pathogens (as defined by seroprevalence IgG antibodies to C. pneumoniae, M. pneumoniae, H. pylori and Coxsackie virus) compared with none. The ORs of pathogen burden with HT were 1.63, 2.65, 2.13, and 5.15, increased by 1, 2, 3 and 4 pathogens infection, respectively, after adjustment for risk factors (age, male gender, drinking status, overweight, dyslipidemia, and log-CRP level). There was an increased risk of HT with increasing number of pathogens. The p-value for trend was less than 0.001.
Relationship Between Each Pathogen and HT
Relationship Between Aggregate Pathogens and HT
Discussion
In the present study, we found that Coxsackie virus infection was consistent with HT, as in previous studies. [8] [9] [10] [11] 13 The OR of Coxsackie virus infection with HT was 3.17 after adjustment for age, male gender, drinking status, overweight, dyslipidemia, and log-CRP level. Coxsackie virus, a member of the enterovirus genus, is the most common cause of human myocarditis. Recently, a significant elevated level of the vasoconstrictor endothelin-1, which is secreted from the endothelium, has been demonstrated in the heart in some models of murine myocarditis. 22, 23 That increase occurs early after infection and persists until at least 14 days post infection. 27 Therefore, it has been proposed that Coxsackie virus infection may be related to cardiovascular disease 24 and HT. With respect to the latter, we also found that the CRP level, a systemic marker of inflammation, was higher in hypertensives than in normotensives, which suggested that inflammation is related to HT. Indeed, pathogen infection could lead to a chronic inflammatory response.
Many studies have focused on the relationship between HT and specific pathogen infection. Kristensen et al reported that the seroprevalence of HSV was significant higher in patients with WHO stage III HT (39.5%) and those with stage I-II HT (25.9%), than that in normotensives (9.3%). 25 Another study also reported serum IgG antibodies for Chlamydia, HSV, cytomegalovirus, Epstein-Barr virus, and showed that each specific pathogen was associated with HT. 26 Cook et al also revealed the association between C. pneumoniae and severe HT. 11 However, most of them just detected the influence of a single pathogen and did not explore the potential aggregation of multiple pathogens. Their different results provoked our interest in the possibility that aggregate pathogen infection contributed to HT. We thought that if infection did play a part in HT, it was highly unlikely to be derived from a single pathogen's inflammatory response, and we also believed that aggregate pathogens carried by the individual would contribute to the risk potential of HT. Accordingly, we examined the hypothesis that the risk of HT was incrementally related to the pathogens. The present results show that whether adjusted by risk factors or not, the risk of HT is still increased with an increasing number of pathogens (p for trend <0.001).
Study Limitations
Although our results were compatible with the causal role of pathogen burden infection in the development of HT, there are still some limitations.
First, in this cross-sectional study, it is possible that infection played no causal role and these pathogens were associated with HT only because hypertensive persons are predisposed to infection. Second, approximately 20% of the subjects who were eligible for the inclusion in the study did not participate and this would underestimate or overestimate the relationship between pathogen burden and HT (selection bias); however, the study site was a fairly remote district from the city in Inner Mongolia in China, all of the Chinese Mongolian inhabitants knew little about their blood pressure value, and those did not participate in the study would be unlikely to know their blood pressure values well, and this, perhaps, could retrieve the above-mentioned deficiency. Finally, IgG seropositivity/seronegativity may be more appropriate for distinguishing between subjects with frequent, recent, severe, or chronic infection and those with less frequent, less recent, or milder infection.
In summary, our results suggest that the risk of HT is associated with Coxsackie virus infection and aggregated pathogen load, but the hypothesis needs to be further demonstrated in a prospective study. 
